ABSTRACT.--We studied body condition and feather growth rate in Great Tits (Parus major) in relation to dominance in two localities during late autumn and early winter. The two localities differed in elevation, ambient temperature, and arthropod availability. We supplemented the two study areas with food (husked peanuts) throughout the study period. The percentage of time tits spent at feeders was higher at E1 Ventorrillo (the locality that was colder and had lower natural food availability) and was associated with dominance only at this locality. The number of aggressive displacements per hour experienced by each individual was 150 times higher in the area with lower arthropod availability and lower temperatures. Protein reserves (measured as pectoralis muscle thickness) were higher at E1Ven-torrillo and were positively and consistently related to dominance at both localities. Growth rate of induced feathers was slower at E1 Ventorrillo but was not directly related to dominance in either locality. Only dominant adult males at E1 Ventorrillo compensated for the environmental harshness at this locality by attaining a higher feather growth rate than the other sex/age classes. Feather-mass asymmetry of induced feathers during autumn was not associated with body condition, did not change between localities, and was inversely and consistently related to dominance at both localities. The covariation among variables describing bird size, access to supplemental food, body condition, feather growth rate, and asymmetry was different at the two localities. Larger, dominant Great Tits spent more time foraging at feeders, had a thicker pectoralis muscle (i.e. body condition), and grew induced feathers at a higher rate only at the locality with colder temperatures and lower food availability. 
probably related to habitat-specific nutritional condition, have also been described as a relevant factor affecting feather growth (Grubb and Yosef 1994).
The knowledge of the degree of interaction between these factors is as important as the individual factors themselves. However, it is still unknown whether and how the effect of environmental harshness on the level of protein reserves and induced feather growth change according to dominance status. Moreover, it is also necessary to know the relative importance of these different factors so that we can partition the total variance into its different components.
The aim of this paper is to study in a multifactorial way the incidence of social dominance and environmental stress (measured as ambient temperature and natural food availability) on food availability, body condition, and nutritional/physiological state of Great Tits (Parus major). The Great Tit is widely distributed throughout the Palearctic region, although its winter ecology has been studied most fre- We monitored two Mediterranean populations of Great Tits that inhabit contrasting wintering areas. The two localities differ in mean ambient temperature and food availability, but winter climate is milder in both localities than in northern latitudes where the majority of studies on the winter ecology of small passerines has been undertaken. Our main goals were to understand the relationships among dominance, food access, body condition, and induced feather growth in Great Tits in an environment that is less stressful than that at northern latitudes. We predicted that the interaction among these components should be more intense under more stressful conditions, especially the expected positive relationship between protein reserves and feather growth
(Blem 1990, Jenni-Eiermann and Jenni 1996).
We also predicted that in the colder area with lower food availability, Great Tits should rely more intensely on supplemental food, intraspecific competition (intensity of hostile interactions) for food access should be higher, and body condition should be better A less marked effect of environmental stress on the growth rate of induced feathers of dominant birds could be predicted in localities with higher environmental harshness. We also predicted that dominant individuals should have higher levels of indices that measure long-term nutritional status (e.g. protein reserves and induced feather growth) owing to their better competitive abilities when interacting for access to
food.
Additionally, we tested whether fluctuating asymmetry in tail feathers is linked with developmental stability due to differences in environmental stress or intraspecific competitive pressure. Asymmetry should be higher in colder areas with lower food availability, in less Arthropod availability.--During the sampling period, Great Tits fed mainly on arthropods and seeds taken on the ground or from the outer parts of tree canopies (Herrera 1979 , Carrascal and Tellerla 1985 , Obeso 1987 ). The relative abundance of arthropods was evaluated at both localities by carefully searching and counting invertebrates larger than 1 mm during 2-min periods in pine foliage (twigs and needies) and on the ground (see Coo-per and Whitmore 1990). We also classified the size of each arthropod into one of the following length categories: 1 to 2 mm, 3 to 5 mm, and 6 to 10 mm. Samples were obtained by random sampling in the pine foliage and on the ground in both study areas. The most common taxa (i.e. those most likely consumed by Great Tits) were Arachnida, Diptera, and Hemiptera in the ground samples and Diptera, Arachnida, and Coleoptera in the foliage. During the first two weeks of November we used specially designed funnel traps to capture 20 Great Tits at Sarri• (three adult males, three adult females, seven juvenile males, seven juvenile females) and 18 at El Ventorrillo (six adult males, three adult females, four juvenile males, five juvenile females). The distribution of the four sex / age categories did not differ significantly between the localities (X 2 = 1.29, df = We videotaped a total of 45 h per locality, spread evenly throughout the course of the day (eight different days throughout the study period within each locality). We obtained a gross measure of intake rate by pooling data for all individuals. We noted the approximate size and the number of small pieces of peanuts Great Tits extracted from feeders (comparing on the TV screen the size of peanut pieces relative to beak length). Average food intake rate was 0.03 g of peanut per minute.
A dominance-linear factor was defined combining sex and age of individuals (see Gosler 1996). Male Great Tits dominate same-aged and younger females (Saitou 1979 
RESULTS
Great Tits captured at E1 Ventorrillo (n = 18) and Sarria (n = 20) did not differ significantly in tarsus length, wing length, tail length, or body mass (Table 1) Table 2 ) differed significantly between localities (Box's M test, M = At E1 Ventorrillo (the locality with higher environmental harshness), the first principal component (54% of total variance) included four significant variables, showing that larger Great Tits spent more time foraging on feeders, had a thicker pectoralis muscle (i.e. better body condition), and grew the induced feathers at a higher rate (Table 2 ). The second principal component (22% of total variance) included only feather-mass asymmetry (i.e. this variable was independent of the others).
At Sarrif, three significant components (eigenvalues > 1) were extracted. The first component (30% of total variance) showed that Great Tits with higher growth rates of induced feathers also grew their feathers more asymmetrically. The second component (30% of total variance) indicated that larger Great Tits had a thicker pectoralis muscle. Finally, the third component (22% of total variance) was significantly related only to percentage of time spent at feeders. Therefore, in the less-stressful locality, the use of supplemental food did not affect body condition, and body condition did not affect growth of induced feathers (i.e. nutritional status).
DISCUSSION
The growth rate of induced feathers was lower at the wintering locality that was colder, contained a lower availability of natural food, and at which Great Tits experienced stronger competitive pressure from conspecifics (i.e. they spent more time at feeders and experienced a 150-fold increase in hostile interactions at E1 Ventorrillo vs. Sarrif). Although protein reserves (measured as pectoralis muscle thickness) were higher at E1 Ventorrillo than at Sarriff, the difference did not parallel the difference between the two localities in growth rate of induced feathers. Moreover, protein reserves were not consistently correlated with induced feather growth across individuals at both localities. Thus, nutritional status had no clear and straightforward effect on growth of induced feathers (Murphy and King 1991, Murphy 1992).
The important point, however, is that the effect of environmental stress on feather growth varied according to the competitive ability of individuals (i.e. dominance status). The enhanced access to supplemental food by adult males at E1 Ventorrillo seemed to compensate for higher environmental stress, because these birds achieved a higher feather growth rate more similar to that observed at Sarrif, the locality with a milder climate. This was not the case for the three other sex/age classes. The higher dominance of adult male Great Tits, which appeared comparatively immune to the demands of the autumn and winter conditions, also has been described for the molting period 
